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(57) Abstract: AnMRAM includes a first wiring (23), a second wiring (21 + 21r), a memory cell (14 + 14r), a second sense amplifier 
(3), and a first sense amplifier (2). The first wiring and the second wiring (23, 21 + 21r) extend in the first and the second direction 
(X, Y). The memory cell (14 + 14r) is arranged at a position corresponding to a position of the intersection between the first wiring 
(23) and the second wiring (21 + 21r). The second amplifier (3) detects a state of a reference cell (14r) according to an output from 
the reference cell (14r) arranged to correspond to a reference wiring (21r). The first sense amplifier (2) detects a state of a memory 
cell (14) according to an output from the memory cell (14) and the reference cell (14r). The memory cell (14 + 14r) includes a 
magnetic reluctance element having a built-up free layer. The magnetic reluctance element has a magnetization- enabled direction 
which is different from the first and the second direction (X, Y). 
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/V14rs(D-7 2 — ^f*rij-eS)5 0 fcfcU ^^7 P S09^-e«> 3B$*|*||B*fe/H4rs0> 

*i*roj-r;fc5 0 

Jfcfc, ^2(Dir^T>-7 0 3(^IJ^33) #fl8-fe/H4rl2*HWi-^##flgflNR 

♦Mft^##flat»#^ ro j ©f^ (^y^S09 : no) , ^©**Kif^Sr3|^T*r5„ 
(8)^^°S10 

#fl9"feyH4r^tS-«rti-^##flS(f m& ri j (^^S09 :yes) , 

ir/V14rsC0-r y — ^{i, 5t^<DW\ KMZ>o 
[0053] ^K«tt), h^/WMRAMlC^itS^m^/^l^Mff^^iiSV^Igti-eyti^ 

[0054] ^J:KWU^#ffi*/V14r©^WL(*>'^)»f^&t5##ii^(^'i3^9A)tt 
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[0055] miotes m2(D±^r>y°(Dm^7jkirm^mxh^ 0 mfit-nm&%m3it± 
, b^i?x?4ik&ffi42£^w-hmmmmmmz£mm£frx\^ 0 b?> 

mm mm^^i4r<Dmuw^m^25r<Dm.mmreit^42txmns.v 

C<Sr#JEU e^fiRref^it^J-T^mffVref (=k-Rref)^m^«o Vrefte, b9 

^Vref CTj££^T»}f£LTl ^ 0 
[0056] fBH§|332^, ^KD^^^-fP43^dr-r/^^44^^t? 0 W,\(D^v^-^42>\t^ 
—^(Dm^b"7^^4KDVU^\Z., ffe^<DS^^^v'^44<D^<Dir^ 

^46(DAv0#J^i^^tV-CV^ o ^KD^-T^fR43(Z), 01<Dl^tt}Li!}f£( 
ir^»f^)^^m^$^cVref^^JSi-§«#^^^^44^^«ri:^J; 
*9, Vref^fE'[t-r?)o 

[0057] ^IJ^§|333«, M2<DX4y^45b4>^—?46k7^\m&47t&m^m : mu 
Sf—b48t&^t? 0 Jg2<7W5/^45te, — ^(D^^-T^/^— ^46(DA^7#JS 

tt, m^(Dm^^^—^4Q(Dmt5mm^Kmm^fvx\^ 0 

44<D#,*«m^ ffiij#J^^7^[Hl^47(DA^#J^^^$tV-CV 

mtsm ^--DouTtvxMjjirzbM^ mm^mw—b<D-^(D/\Mn 
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[0058] iaim, m9<Dmi<&mM<Di&Wi<DW}{¥<D7v— M^j^-rs^r^^-*- 

— b&^irmXfoZ> 0 ^t140907n- ^t73Rref£Vref^j£$^TWtf1sL 

mu^m^^i4v^mu (^^°sod mi<D^?mw (^^^so2) b# 

teVref (lst)-Vi£/£3 0 igl<Di?^t!jffrWTU $iJWf ^ <n^— 

[0059] ^l(Dh^/HI)^(^^ o S04)^T#, fg2<73i?>^tM1^lffi^$tL3o r<DB#, 
®fei-mra#^31{imi±Vref (2nd)^rt±]^-f-^ (^^S05) o %2(D^y^~4 
5^^« (ffjlj^lff ^- ^ 2 : W-</k) \Z^Xfrhmi<D^y^43%^ym 
#Pf§ <i> 1:^mV^</v) ^-r^N^44(D^;^7 0 y^'fffl^j: t 9Vi^dV= 
Vref(lst)-Vref (2nd)rc(t^h« (^^7°S06) o #!J;U:E, ^y7°S04(Z)^l 
(Dh^VHi^'C^W^BrOj^^rij KY^^fitzM^-. Vref (1st) <Vref (2nd) 
-e$>^(^^^S06:yes) o ^ot, >f>v<— ^46<Dffi7Mf ^1^0} U^/V\Z.t£Z> 0 

^^Urijd^roj \Zb^/^ntim^; Vref (1st) >Vref (2nd)7?;fc£ (^ 
^7/S06:no) o ^oT, ><V»*— ^46(D|±}^ff ^« l"l j W-</l^£ 0 fUlJ^f J§- 0 
3<»5i:^_h^(9^v?-e^^^-^46(Dt±]^ff -^^^^[U{^47^j:«9^^$tl^ 
ty7|S*DOUT ( 1 4rs ^ |JJ^$ tl/CV ^Iff—*) ^ ^Jj &tl% 

o 

[0060] (FB'H^tV^^^) 0mm^t±>Xffi$kr>OlJTtfWU1rfrh^ (XTy7S07 : yes, 
^^°S09:yes) , ||2<Dh^7vKj{1^^T 1-£#ffiWMfP7 i -h4mU;^f 
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^y^S10) o M^oTV^^TG2EN^7p^t^^/^ o 
[0061] H12&U?B|13{*, m9<DMl<&MM<DMte<DWii¥lZ&lfZVreUViRXfiV0<Dm 

m ( m WMkxsOi ^1t?r—9) # ro j <DW?&&mU m 1 3 » r i j co#^^i- 0 

[0062] g|12(D;£jMiJ<Z)EH-^-rJ;5^ Vref (1st) = roj (X^y^SOl— S03) ht, h^/v 
KjfN (^^^S04) i^J;«9, Vref (2nd) = ^lit^. dV=Vref ( 1st) -Vref (2nd) 

>o^itmj±^^f t (dv/£it_h#) 1-3 (^5/^°so5) 0 ^tiicm \ vi(Dmr£t> 

-</V<£)V0 ( = TO J ) &m±JirZ> (^^y?°S06) 0 
[0063] mi3(D&m<DMl^ir£?te, Vref (1st) = l"lj (^^y^°S01— S03) S3, Ytf/V 
mi^i^V^SOA) K£<Q, Vref (2nd) = T0j^<9, dV=Vref( 1st) -Vref (2nd) 

<oftmirmm>mk( I dv i tmm<p) (^t^so5) 0 vi<Dm 

4^^/V<DV0(=ri])&m?)irZ) (^^S06) o 
[0064] Z.CD&£M2<D±^^T^y°3&m\^^bX\ h^/VMRAMlC$3tf&0m±MZ. 

[0065] EU4te, ^mW<Dh?/^MRAM<DMl<VMM<DJ&m<DW){¥&^1r7v~ b 
l?feS 0 ^CDE|-m, h^/VMRAM(D#M-fe/V(Z)ir>'^^-&(gc^mb^^)^b 

[0066] (1)^5/^°S21 

^21r^Wi-§ 0 *r*U£j;9, W#M-fe/H4rs^^$tt§ 0 «L#M-fc/H4r 

s(DMOSh7>'v 5 ^26{*^-^^^5o 

(2)^5/^°S22 

H2(Dir^T^3((D|g^L-mf£^^31) te N H2(Z)-fe^T^3^ig$R#^ 
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ffifet^^25r(D®^gRref (1st) &W0ti1r% o 

(3) ^5/7°S23 

^2(D-fe^T^3((DfB'lt$|532)«^feT:jfiRref(lst) B#l^fE'lrr ; 5o 

(4) ^^°S24 

(5) ^5/7°S25 

jg^#Mir/V14rs^oV>-C, m2(Dir^T^3 ((^)^-«j±^m^31) f3\ 
mfi-nW&W^Zl) og^#Mir/H4rs(^a^ii£^L*^-25r(Dig^S:Rref (2 

(6) ^5/^°S26 

||2(D-fe^T^3((D^IJ^§P33) Rref (1st) ^Rref (2nd) t(D^/\^\^Mir 

(7) ^5/7°S27 

iS1S^#^roj, iftffifet(Dm^riji:i-tt«\ Rref (1st) < Rref (2nd) "Cfc 
^^(^^S06:yes), M^mb^^:(-fe^M^:)^roj-e$>§o 1"^^ tc* 
C*^y:/SO4©##j&2*IbfkJ:0 Iff) (D^X#^i?/H4rs(D^— ^te l"0j tWt^m 
1rZ.b&X*%Z>o f'fcU *^y?S27m&-?fe. il^#Mir/H4rs<D^-^«rij 

(8) ^5/7°S28 

Rref (1st) >Rref(2nd)-efett{^(^7":y7 o S06:no). it^-tfib|^^:(ir^^^: 
)«rij-CfcS„ irtefr-fb. (^^7°S04(D#tiA^l!]f^J;«9til)^jl^#^ir 
/H4rs(Z)^-^«rij^^t±i-r-^^^§ o ^L, ^^°S28B#^-C«, MIR 

#^-fe/H4rs<D'x— ^« roj -cfe§ 0 
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(9)^^S29 

[0067] miOK7^ir^2CO±>^T>y P {Z.^\^X, im4tf>^^ffiLt!jfND4i'a\ ^^°S 
27X^^7°S28(D^t±ib7 ; — *£LT, 9^[Il{S&47<Di?>'^J|lDOUT&- 
fflV^r^n?#3 0 i~^t>ib, ~<D£yf£M2<D-te>>^T^3$:m^~bX\ fiil<^i? 

i-z.t&x%% 0 
[oo68] m2<Dmm<DMM) 

[0069] ^"f , ^:^K^^^/^MRAM(Z)||2(Z)^ife(Z)BI|C0«J^!c^oV^T, ^#H®^# 

H15«, *^Bj!(Dh^VVMRAM(D||2(D^mo^t|^^«^^-r^n:y^|l| 
Xfo& 0 ^<D^^m<Dh^/^MKAM(DM2(DMM(DMM^X^I^nM8iC7jki-^ 

[0070] H2(Dir^T^°3«, ff§l<D©£t-mffi»i^31a, Jgl<DfEtft$B32a, |gl<D 
¥U/S^33a, |g2<D|&^-mjE»$l$31b, ^2(DfE'B$P32b, ^2(D^IJ^33b, 
^J^0IS48ai:iSrA#U-CV^o ^l^U ? ^2(Z)ffi^-Sj±^$|531a^tJ«31b{i, 

mm±/^i4r(Dm^m.ttm^25r(Dm,mw. mmm &tkML,xmm^&u m 
u^32b«, nm^mh-mzmm^zi (3i a Rx^3ih)(DmM}±^-mm^ 

#-T§o ^l^^H2<D^J^33a^33b«, ^^^-^^^31(7)^ 
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[0072] ^C^K<^^/VMRAM(D^2(D|lii(0^ffi<D»jf^^oV>T. 

[0073] (1)^^S41 

s©MOSh7y^26(Wy(^^o 

(2) ^5/^°S42 

-fe^T^°3i!3l$R#^/H4rs(^) i:©Mt!l^©«EES^PinU ;*4V#lia 
tVh^28-Y^=i— ^6-#flgtTyMft21iHBlFi#fla-fe/H4rs«)g|&t2:, #|£tfe& 
ttiUm^Klr^i-o H2(Dir^T>-7 0 3(D||l^tJ?||2(De^L-mii^m 

ef 1 (lst)&T*Rref2 (1st) ^mi~5o 

(3) ^^S43 

^2^ir^T^7°3(Z)^l^L^2(DfBlSfR32a^U«32b«. Zrfl&tl* J&fetfgR 
ref 1 (1st) RU?Rref 2 (1st) R#fatefBtS-*"5 0 

(4) ^5/^°S44 
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(5) ^^7°S45 

Wl#JRH?/V14rs^o^-C, ^2(Dir^T^3(D^l^tF^2(De^L-miE^ 

2(2nd)SrtftW*r5 0 

(6) ^5/^°S46 

H2<D-fe>-*T^3(DHl<D^JSg|533ate, ©^iffiRref 1 (1st) yg#L#Rref 1 (2 
nd)^(D^C/hB8#^-rff ^-Ql^rW^i-^o 02<£>¥U5£SB33b}2, J££i{ilRref2 (1 
st) £ffi£tfgRref 2 (2nd) £<D^/hll8^^i-fs ^Q2£ffi^i-3 0 ¥0/£[H]{&48af3: 
, ft -^-QiMf ^-Q2i^— ifci-^,^^^^JSi-^o — ifc-T3#1^C*7^:7 0 S46:y 
es),^l(Z)h^>H!]f^^IE^-^^f$^TV^(D-e\ ^^S48— iitfo — ifcLT 
W£V^^(^:y:7 0 S46:no) x ^l<D^/Hb^SE^(cHfr$^TV^V>(DT? % 

^5/^S47^3ltPo 

(7) ^5/^°S47 

WL 

mm &mfe<£>±%£tdtfmtou x^ y ys42frbnmmnirz> 0 

BL 

(8) ^^S48 

H2<D-fe^T>-^3<D^J^imjg48ate % Rref (1st) £Rref (2nd) ^CD^/MW^ ( = 
Rref 1 (1st) ^Rref 1 (2nd) £<D;fc/.Ml§#=Rref2 (1st) £Rref2 (2nd) b<DjvbM 

ffi)%M#>Zo -ftob^ m^£—m.x\^m^Qibm^Q2bt)\ roj^rij^ 

(9) ^5/7°S49 

i&&&C(Dm&&rO], fi1B&i<D&fr&Ub'?lM£, Rref (1st) < Rref (2nd) "Cfc 
tt^(^5/^°S48:yes), ^mb^m(-fe^l§*)^r0j-Cfe?) o Tfctt, Jt* 
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(10) ^^S50 

#fla-fe/H4riJ^yft^#^flgfj!f m& l"Oj (^^y^S49 ryes) , MU^M 

(11) ^^°S51 

Rref(lst) >Rref(2nd)-efettfi(^^S48:no), Sc^t±ib^^(-fe^^^: 

mrij-c&So irftfrib. ye* ^^s44(Dm^^mvm)(Dwsi0m^viA 

*»ro.n?fc3o 

(12) ^^7°S52 

#fla*fe/H4rlC|yfti-^##flaffif W ri j (XT^S51 :yes) . 3gtK#flg 

•fe/n4rs^ov>r, m^^mmm2<Dy?/vmm?tff? 0 m^^mm 

•fe/H4rs0>7 f — 7C^r(Z)rij^^ 0 
[0074] *3&W<fc9, h^VVMRAM^^it^#Mir/V^#mft^^rftV^fMttW 0 n^ 

[0075] W±|^KL/c#^ir/V14r(D^fflb(ir^)l)]^t^#^^^(^^^)l!] 

f^l^ffl$^^2(D^^T^im^^^I^oV>Tffc0^-r^o 
[0076] ^2(D-fe^T^C0«^^i-IlIj^|gT^ o &10>*&*fc-«EE£ifclfP 

31afct, h^^^41a^#42a^P^^49a^^tfy-h^ittIIlIJ^^j;t) 
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<«^£rmj£MVC , ffi^i^^h^v^^ 1 a<£) KW> K&MZtiX V ^ Q 
^P#§|349a«, KW^^E^ir^hmffiVoff^#t^i-§IS^i:|ll(D^5/^^43 

SUffiVref ( = k-Rref) l£ x ^:7i?5/hflJ±Voff^iP;if;:Vref 1 =k-Rref +Voff£r 

[0077] Jf§l<DfeHif|532ate, ^l<Z)^^^$R43ai^^N^44a^^tP 0 ^1<Z)^^ 
^£&43ate, -^<«^^PjfLgP49a^ ftjl^(D^^^-r/N^^44a(D-^« 

^—^46a<DAM9!mi L Kmm^nX^^ 0 W,\(D7\4v^4?>a(D^ HKD^ffi 

(±>*mm mmtitsntivref 1 KMi^-r^mm^^^44a^m 

[0078] Hl(D^IJ^:f|533a^, M2(D^y^M45at4^<— ^4Qat^y^m^47at^ 
fco m2(D^y^4ba\^ -^iW^^-^46a(DA^«^^ mj5<D 

m^-<>^—^46a(Dmtimm^Kmm^x\ ^ 0 ^/^y^^^nM 

m\t ^r<$> 2\z.£r>mmi5nz> 0 ^46a«:, AMM^^ J r^^44a<Dm^f 

<Dffitt, mMM^^y^lMi^Ta^AMM^Kmm^nx^^o 

{^47a«, Kts\nm^^^-^4Qa(Dnsti\nm^-Kmm^ti, m^j^m^ 
t^M^Qitvxmtiir^tm^mmm^48a(D--D(DAMM^\mm^ti 

[0079] ^2^®^L-miE^^$|531b^. h7^v ? ^^41bi^#42b^P#f|549bi^tp 

ffVb^^$ttT*5«9, KW>^#42b^ y-^^-r>-#MtVh^28^^ 
^tl/CV^o ^T^'SJiVb^J;^ h^^> ? ^41b(Dy— WhM^M^yb 
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Jib, ®^if|iRref{c:it^!li-5SffiVref (=k-Rref) ^ ^7-feyh«EE-VoffSrin^. 
fcVref2=k-Rref-Voff^ttl^;i-6o Vrefte, h^^^lbWWfVffi^SJE 

[0080] S2<Z)|EH^32b{i, ^3<D^y^-^43bt^r^<^44bt^t^ 0 W>3(D^v 

s<*y?44bfe, —^<D^^mi<^^y^-43b(Dm^(7)mj-^ ftfe^tD^^^ 
^46bC0A^ffl*^-^ic$ttTV^o Ml(D^y^-M43b<D, $&l<DffifrM 
Ltt{^(^^tt#)^^ffl^$tLfcVref2ic:^i-6S#^^^^44a^#^ 
i-^^^(^<9, Vref2^fE'fg-r§o 
[0081] H2(D^IJ^$|533b{*, B4(D^y^-M45bt^>^—^46bty^m^47bt^ 
t?o M4<D^y^45bte, —Jf(DiQ^-^lyy<—^46b(DA±im^^ 

mtt^^—y-4Gb(D\tiyimm^Kmuisfix\^ 0 nr^/nr7<F>#4^>rxm 

#Pff-5§-0 2K£<0mm£tlZ> o <<l/*— ^46bi3\ A^{IJi^^-^>^44bOf|]l 
*©^i^ m^#J^^75/^IlI^47b(Z)A^JfliJS^-^^c§^TV^ 0 
IU{£&47b«:, A^ffiSSH^-f^— *46b©ffi;fcW^fc88Bfcy'u ffl^fllflrm 

flX\^ Q T^?MX<Dy-^>y*femmt^4>3K£Vmffl£tlZ>o 
[0082] ^[IljE§48ate, Ml<D^\feM33aRXfM2<DmfeM33blCltmXfo<Q, f|ltf>A 
^#J^^^^[Hl{^47a(Dt±i^^lJ^^, ^2(DA^#J^^75/^[Hl{^47b(D 
m^ftB^ ^3(DA^{lii^^#j^-fe/vi4r^^°n^^LJ;5i:i-^ (fEtt^S 
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— m -^-tgerr^ m ti ~r%o 
[0083] m^.. mi6tmi7t(Dmmz^^xmmir% 

3l^#m-fe/V14rs^jg|Ri-5o (^^S41) 

m^itmi-&mm^7^ybmf±vofffim^hn±mj±vref i (ist) =k-Rref + 

/h£V^i-£ 0 ^/^^44a(DM$^JEteVref 1 (1st) £&3o 

ybMl±-Vofmmx.htl±.m,J±VTef2(lst) = k-Rref-Voff^ffi^£;Jx;5 0 
^^44b<DMC«ffifiVref 2 (1st) (^^7°S42) „ 

fgKDir^tJjff^^TU IW1Wfi#* l^n— W-</l^&^ f§l<£Ws>^43a;& 
XfiM3<D^y^43b&jr7#Mbtl:Zo Z.foKXV, ^/<*y?44aRTf* J r/<*y?44 
b(DMSmj±»#$tt§ 0 (^y^S43) 0 
[0084] MKDhf/l'Wlfc&M-tifrt-Z (^y^S44) 0 

W£&&fili31bfabMZVo£i&to&\J&^W£VTeil (2nd) =Vref2(2nd) =k-R 
ref tttl^tltUlJlrZ (^5/^°S45) „ 

%$2<DXj>y<7-45a.tt7tyte (fffl1Wfi# <$> 2 : U^<;V) \Z.VX^h^l<D^y=f- 
43a%^ym<,mMt J i=r <t> 1:^4V-W) fc-fS^ ^/^^44a<D#:y:7 0 y^ 
f^ffilC«tt), Vrefl (lst)d^Vrefl (2nd) ^i/7ht5. 

^Hfe M4(D^y=f-45b^y^m (fflfflim-B- <t> 2 : W</k) tCUTd*^3 
<^^^43b^^M($lJ$Pf§-^ 0 l:^fW</V) K-f %>t, *¥^V*44b£>;fr 
y-TVlsyftm Vref 2 (1st) d»£>Vref 2 (2nd) ^>7ht5 0 

[0085] ^^(D^a^H^fftWi-So 

g|19{i, iai6<D^2(D||Jfe(D^1!8(Dibf^^*3tt5Vrefl (1st) AWref 
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l (2nd) ©ii«Sr^^97T?*>5o IEtttt«EE(D*#$, ^ttf»f?9 (SiS) ft^T 

o 

[0086] M^H^rOj(D#^(±#J(DEI) , Ml(D±^(D^-^^ Vrefl (1st) =k-Rr 
ef+Voff-Cfc^o M2(D-t>X(D&mz.^^X, h^/Ubf^^^bTV^f^, ^ 
5/7 P S44(D^l<Db^/Vlbf^-erij^^/V$tb5<D^ Vrefl (1st) <Vref 1 (2nd) 
fcfcSttf-CJfc^o Hl©9y^lHll&47a©ffi^#Ql«:rojSrtll^7(igi 
2tl^#)i:^o Ld>U F^/Ubf^dS^Bfcb-CV^turi, >8»© Vrefl (1st) >Vrefl(2 
nd) ^Sri-f^&So -<£>4§£\ ^l©9y^HI^47a©m^#Qir±rijJS:m^;( 

mi3^iKi#)^§ 0 

[0087] fcf£U tomytm* ri j (TffiJ^EI) fctt, *ft^n&3o h^/H&ff^^ 

LTV\fx{3\ ^5/7°S44(D||l(Z)h^VVl!jf^-eroj^h^/V$tt§C01:\ Vrefl (1st) 
>Vrefl(2nd) fcjfc«W:Tt?*)5o '?>4il§\ £l©93^lE|*&47a©ffi;*7fi-§-Qltt 
riJ^m^(013^|H^)^§ o toT, h^/Hb^S^BJCbTV^, Vrefl (1st) 
> Vrefl (2nd) £fcoTL*5o ^<£>*i£i>* ^l©9y^iai&47a©W^7^#QlH:r 

i j & (h i3t mm) tftZo 

[0088] H20f*, |2|16(D^2(D^Jfe(D^S(0»]f^^*5tt§Vref2(lst)^.U ? Vref2(2nd) 

[0089] IU^^II^rij(D#^(TfIJ(7)H), HKD-fe^O^P^Ti*, Vref2(lst) =k-Rr 
ef-Voff-e&5 0 f$2(D±>^(DStPi\Z.itS^X^ h^VvtM1^J$^L-CV^te\ 
7 P S44<D^l<Dh^/Vibf^-eroj^h^/V$tt^(D-e, Vref2(lst) >Vref2(2nd)^ 
J&5f*T^*>5o -<E>#£\ ^l(D^^IlI{^47b(Dm^m-^Q2{*rij^tiiy f 7(Bll3 
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